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DESCRIPTION A N D  USE O F  T H E  TEPHIORAM 

For a number of ycars it has been felt necessary to 
develop a mnet,hod of plotting nieteorological data on a 
therniodynamical basis. The common method of por- 
traying the physical statme of t,he at,niosphere by plotting 
temperature or pressure against height is not very well 
suited for scientific thermodynamical disaussions. 

As early as 1884 Hertz gave a graphic,nl method for the 
determination of t,he adiaba,t'ic change.s of state of moist 
air. He used a double se&s of adiabatic lines, one 
series for saturated air, the other for unsaturated or diy 
air, to trace the behavior-of air containing any given 
amount of w-at'er vapor. Neuhoff, a little late,r, elab- 
orat,ed on the method of Hertz and introduced an adia- 
batic chart which is now called the Neuhoff diagram. 
This diagram consists of a ground work of adiabatic 
lines for dry air and reversible adiabatics for saturated 
air, referred to temperature and the logarithm of pressure 
as coordinates. 

Sir Napier Shaw has long studied the tbermodynamical 
properties of the atmosphere. He was one of the first 
to see the advantages of the Hertz and Neuhoff diagrams. 
He carried his investigations stili further. While on a 
Neuhoff diagram it may be ascertained whether t,he 
atmosphere on any spec.ific occasion as defined by the 
observations from an airplane flight or registering balloon 
is in stable equilibrium or not, there is no means by which 
an estimate may be made as to the consequences which 
will result from t,he departure from the conditions of 
equilibrium. To make such an estimate possible it is 
necessary to have a diagram with coordinates by which 
energy can be represented. From these considerations 
Shaw finally devised a method of plotting u p p e r & -  
data in the form of a curve, which he has called bhe 
tephigram. This curve is plotted on squared paper on 
which the ordinates represent entropy (4) or the loga- 
rithm of potential temperature (e) and the abscisss 
absolute temperature (Tj. Total entropy of moist air 
includes the entropy of dry air and also that of the 
water vapor. On this diagram dry air alone is regarded 
as the working substance and any moisture carried along 
is rega.rded as a reservoir of latent energy which is 
realized when condensation takes place, all other effects 
of water vapor are neglected. Only this realized entropy 
is shown; loss of water and the latent heat of conden- 
sation are compensat'ed for by increasing the realized 
entropy of the dry air. 

With the above c.oordinate system, any area measured 
represents work, or ST&. By means of a planimeter 
this area can be measured and it,s actual numerical value 
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in energy units computed. 
tional to the logarithm of potential temperature, 0 

Since entropy, 4, is propor- 

4 = c, log e + K, 
Shaw found it more convenient' to work directly with 
entropy. Entropy is found from the equation 

#I = c, log - T R  - - log 2 = cp log- T -7-l cp log - 1  P 
TO m p0 100 y 1,000 

t'he ent,ropy being measured with reference to the point 
To= 100" C. A.,  po= 1,000 millibars. 

From the last equation Shaw has comput,ed tables for 
the entropy using the following constants: 

cp=0.2417X4.1Sx c.g.s. units 
y=1.40. 

By using the temperatcure in C" and pressure in milli- 
bars as given by the recording instruments, the entropy 
can be conveniently and-rapidly found. 

Below is a brief description of a temperature-entropy 
diagram (fig. 1) with a short r6sum6 of the equations 
from which the various lines shown on the diagram may 
be computed. Horizontal lines, being lines of constant 
entropy and constant potential temperature, are dry 
adiabatics. Vertical lines are isotherms. The lines of 
equal pressure slope downward to the right and can be 
computed €rom the equation of entropy, 

+= I?, log ----log T R  - 1  P 
To In Po 

where To is equal to 100" C. and po is 1,000 millibars. 
The saturated or irreversible adiabatics curve upward 
to the right, gradually becorning parallel to the dry 
adiabatics in the lower pressure regions. These lines 
are computed from the equation 

which is similar in form to Poisson's.equrttion with an 
addition to take care of the water-vapor content. These 
lines are really the so-called pseudo adiabatic lines in 
contradistinction to t,he true or reversible adiabatics. 
That is, the water vapor is condensed and falls out as a 
mass of air is cooled, and the amount precipitated can 
be actually determined by means of tmhe water-vapor 
content, or so-called saturation lines. The dotted lines, 
nearly perpendicular to the isobars are lines showing the 
number of grams of water vapor which will saturate 
1 kilogram of dry air. These lines are drawn from the 
equation 

(Q = specific humidity) 

301 
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in which e is the specific gravity of water vapor with 
reference to dry air and is taken as 0.623, e ,  saturation 
water vapor pressure, b the barometric pressure. The 
amount of water which has been condensed and precipi- 
tated can be ascertained by noting the differences between 
the index of the saturation line through t,he point at 
which saturat,ion was reached and that of t,he saturation 
line through the final position of the tracing point. 

A tephigram as previously defined is the curve plotted 
on the temperature entropy diagram showing the actual 
observed conditions of the atmosphere. Once the coor- 
dinates are obtained, it is a simple procedure to  plot in 
the curve. The interpretation of this curve is by no 
means difficult. If moisture did not exist in the atinos- 
phere the plotting of upper air data and reasonably 

saturated air and it will be seen since the line A F  is 
everywhere to the left of t,he tephigram AKCDF, the 
rising air will be warmer throughout t,han its environ- 
ment. It will, therefore, have buoyancy and be capable 
of doing work as it rises. When the area lies above the 
tephigram it is called positive area and represents energy 
available for producing convection and instability, which 
in turn gives rise to thunderstorms and other weather 
disturbances. An area below the tephigram, as AKB, 
is called negative area and represents stability, since 
spontaneous ascent of the air in this case is not possible. 
An esplanation of this area will be given later on. 

Spontaneous ascent of saturated air can occur only in 
regions where the saturation adiabatic through the start- 
ing point keeps on the warm side of-that is, above-the 

Frons  I.-Sample tephigram; for the sake of slmplicity the temperature and entropy lines have been omitted 

correct deductions therefrom would be quite simple. 
But moisture is as important as lapse rate in all considera- 
tions of stability. Therefore, it is necessary to indicate 
the water content of the air if the diagrams are to be of 
any practical value. This is done by plotting a curve of 
dew points in connection with the tephigram. 

To illustrate the foregoing, a sample tephigram is 
shown on Figure 1.  The changes of temperature and 
entropy from the surface to the highest point reached in 
the troposphere are shown by the curve ARCDFG, the 
tephigram. If the air a t  the point marked A were 
saturated, the energy which would be liberated as one 
kilogram of air rose pseudo-adiabahically from A to F is 
indicated by the whole area shaded on the diagram. 
The upper boundary of the area is an adiabatic line for 

tephigram. This implies instability for saturated air. 
A deviation of the tephigram upward from the saturated 
adiabatic indicates stability for saturated air. Spon- 
taneous ascent of dry air can occur only in regions where 
the graph of the sounding slopes downward from the 
horizontal, implying instability for dry air, that is, a 
super adiabatic lapse rate. Stability is indicated by a 
deviation of the tephigram upward from the horizontal. 
Temperature inversions are shown by deviation of the 
tephigram to the left of the vertical, and isothermal 
regions by no deviation from the vertical. 

The method of plotting humidities is to plot the dew 
points as well as the air temperature on each pressure 
line. On the diagram (fig. 1) “A” shows the tempera- 
ture 292’ a t  990 millibars pressure and “ a ”  the dew 
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point 289' C. A. a t  the same pressure. After having 
compared several diagrams, the length of the line Aa 
gives an indication of the dryness of the air. This 
method shows the variations of humidity throughout an 
ascent, but it does not appear suitable for t,he study of 
the energy available in a niass of air rising from a par- 
ticular layer. Such a curve of dew points is called a. 
depegram, a.nd on the figure i t  is represented by the 
dotted line "akcd. " 

Mr. J. S. Dine,s has put forth an alternative plan; that 
is, to calculate the weight of water vapor per kilogram 
of dry air present at the level, A. Through A draw a 
horizontal line to B. This point B marks the t>empera- 

(negative area). During its course along IZED it will be 
warmer than its surroundings, rise of its own accord, and 
will do work, liberate energy, as indicated by the double 
hatched area on Figure 1.  This area then is the measure 
of the available energy. By this method of plotting, in- 
stability of the atmosphere may be studied. It niakes it 
plain where large quantit,ies of energy would be available 
if the air were saturated, whereas in conditions actually 
existing due to the fact that the air is not completely 
saturated, the available energy is greatly reduced, often 
beconling negative. 

The area bounded by the tephigram and the adiabatic 
followed is a measure of the convective energy that can 
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F I ~ ~ ~ R E  z.-Computation of height by means of the tephigram. The horizontal shaded area esteqded to absolute zero by the continuation of the 800 and 1,ooO millibars bo- 
bars represents the change of geopotential from A to B. The area vertically hatched, estending from the T& gram. A-B, to absolute m o ,  is a measure o f f  T. d+. 

ture at which this calculated weight of water vapor is the 
saturated content of the air. The water vapor content 
lines on the diagram make the plot,ting of the point B 
easy. Actually, the above process simply illust,rates the 
path of a moving particle of air. It starts from some level 
where i t  is not saturated, rises along the diy adiabatic 
until i t  becomes saturated (at B), and from there con- 
tinues along t,he wet adiabatic; that is, in the rain stage. 
(Sir Napier Shaw has pointed out that in the application 
of thermo-dynamics to practical meteorology t,he snow 
and hail stages may be omitted.) During the first stage 
ABK, the air will be colder than its surroundings and 
work will have to be clone on the particle to raise it 

be made available through a displacement of the kilo- 
gram of air considered. In the accompanyin graphs 
positive areas are shaded red, negative areas, b 7 ~ e . ~  

Height can also be computed by means of the $T- 
diagram as shown by Sir Napier Shaw in the following 
manner. The geopotential of a particle, from which the 
altitude is easily derived, is the energy required to lift 
it  against gravity to its position. Therefore the problem 
is simply that of finding the value of s," g. dz 

Let E be the geopotential a t  any height. 
_________~______-  

I In order to avoid the necessity of printing in two colors the positive area! Ln red 
are printed in solid black and the negatlve areas in blue are shaded. 
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From the 
follows that 

aE=g.  az 

A 

definition of potential temperature (e) it 

m cp log p," log p = ~ [log 6 - log TI R 
PO =constant standard pressure 

Therefore 
E =  f Td++ Cp(T0- T) 

To =temperature a t  level from which Eis  counted. 

X, I i 

'. I 
I 

I 
I 

FIQUEE 4.-Draxel, September 5 , l Q l i .  2 5 1  p. m. On this diagram energy areas are given 
both with respect to a kilogram of air from the surface layer and with respect to n 
kilogram of air origiuating at a, as shown by difference in shading 

f Td+=energy in c. g. s. units represented by t.he area 
bounded by the tephigram and line of Oo A and two hori- 
zontal lines 4, and (This is the energy communic.ct.ed 
from the out.side.) Cp(T,- T I )  is the energy in c. g. s. 
units which is taken from the material of the rising mass 
on account of change in temperature. This is energy 
contributed from the material itself. E, the total amount 
of energy involved in the process, which can also be 
measured on the diagram by the area bounded by the 
tephigram and the pressure lines through these points 
down to 0' A, is calculated as follows. 

Consider in Figure 2 two points on the tephigram A 
and B. To calculate the height between these two point,s 
we first get the value of f Td4 by measuring the area on 
the diagram bounded by the curve AB and vert8ical line 
through 0' A and the horizontal lines +a and by plani- 
meter or counting the squares. This area equals 383 
sauare centimeters. The diagram is so constructed that 

1.01 X 107X 10.6= 10.706 X 10' ergs. Cp= 1.01 X lo7 
= 1,070.6 g. d. m. 

The total height = 1,070.6 + 766 = 1,536.6 geodynamic 
meters. To obtain height in meters Bjerknes' tables are 
used and for latitude 45' N. the result is 1,875 meters. 

To make the diagram complete there is still to be added 
a means by which the velocity and direction of the wind 
at  the various altitudes may be represented. This is 
done by means of what Shaw calls the "clothes line" 
diagram. Since we usually think of an increase of 
altitude as a reduction of pressure, and since the isobars 
run nearly a t  an angle of 45' with the diagram, a line at 
approsimately right angles to the isobars will well illus- 
trate a vertical. On this line at  the heights desired, the 
wind vectors are placed. Using a scale of 1 mm.=1 m. 
p. s. and the vectors laid with north toward the top and 
east toward the right on the diagram, a convenient 
graphical representation of, the wind a t  any altitude may 

600 mb. 

FIGURE 5.-Drexel. September 5, 1917. 4 5 0  p. m. On this diagram energy areas are 
giveu with respect to a kilogram of air from the surface layer and anth respect to a 
kilogram of air originating at a, as indicated by ditference in shading 

be shown. Such a "clothes line" diagram is shown on 
Figure 2 at X. 

The most important use, however, of the temperature- 
entropy diagram is the representation of the upper air 
by means of the tephigram. While the other additions 
are important and useful and should be represented for 
future use, they would take too much time to compute 
for immediate use. The tephigram on the other hand, can 
quickly and easily be made. To show that i t  is a valuable 
aid to forecasting is the purpose of the following discussion 
of certain weather conditions in the United States. 

11. GENERAL DISCUSSION 

1 *square centimeter = 2 X 1OSuergs. 353 X 2 X lo6 = '766 X 
lo6 ergs = 766 geodynamic meters. To obtain t.he other 
component C,(T,- T I )  from A to B, we need only know 
the temperature difference between these two points 
(10.6' C.) homogeneous air mass. 

The principal practical use to which tephigrams may 
be put is that of local forecasting. From a study of 
numerous tephigrams indicating available energy it is 
found that they may be divided into two broad types; 
(a) frontal type, that is those which give an indication 
of the approach and passage of a boundary between 
diflerent air masses, and ( b )  convective type, those which 
show a pure convection type of disturbance within a 
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These broad divisions were made by analyses of the 

synoptic c.harts in conjnnc.tion with t,he tephigrams for 
the same periods. As an example of the front.al type. 
the series of graphs from Dresel (Nebr.) beginning wit,li 
the 5th of September, 1917, 7:16 a. m. is used. (Figs. 4, 
5 ,  6.) The, morning ascent (not re,produced) shows a 
very stable atmosphere to great height; the depe, *ram 
shows low re,lative huinidit,y. By 3 p. m., a.s graph 4 
shows, a region of conditioned inst.ability had developed 
at a height of 840 niillibars, with R. reinarkable, increase 
in humidity. The small positive area at  the surface is 
due to surface convection, but that a t  the height of 750 
millibars can be due only to the bringing in of a new air 
mass. It may be remarked here that when a tephigram 
becomes more or less horizont.nl with a marked angular 
shift (which indicates a st,eeper lapse rat,e, that is, an 
abrupt change to instability) a t  some higher level above 
900 millibars, i t  seems to be an indication of some frontal 
disturhanc.e. At least, this conclusion seems justified 
from the. present study of tephigrams. By 450 p. m. 
the positive area had increased, although a t  a greater 
altit,ude. The positive aren due to surfac.e heat,ing had, 

:-,30 .V>b \. 

FKWRB 6.-Tephigam, Drerd, Nehr., September 5, 1617, 6:50 p. m. 

also increased. At 6:50 p. m. t,he surface convect,ion had 
ce.ased and the atmosphere up to 800 millibars was quit,e 
st.able. But now the. positive a,re,a aloft has increased to 
a remarkable estent and some strong disturbance could 
be expected. At 10:45 p. ni. a thunderstorm lxssed 
over the station. 

As a good example of the convect,ion type, t.he graph 
of an airplane ascent made a t  Anacostia, D. C., on the 
morning of August, 2,1928, a t  10 o'clock is used. (Fig. 9.) 
Here t,he outstanding feature is the e,norinous posit,ive, 
area extending from the surface upwards. The tephi- 
gram shows no leveling off, but is more or less a curve 
with a const,ant slope. That is, there is no abrupt 
change in the lapse rate. Also there is the marked 
superadiabat,ic lapse rate a t  the surface. The depegram 
follows the general form of the tephigram which is also 
another c.harac,teristic. of this type of disturbance,. A 
t,hunderstorni occurred on this da.y a t  about 4 p. In. 

111. INDIVIDUAL DISCUSSION OF KITE ASCENTS 

Under this heading each series of ascents will be dis- 
cussed separately. First, will he taken those tcphigrams 
which show frontal disturbance and 1&, those which 
show the convective type. Between the two is given an 

example which appears to bo a combination of the two 
types. 

The synoptic maps for the 7th and 8th of May, 1918 
do not indicate t,o any great extent what the weather 
conditions will be in tjhe neighborhood of Drexel. From 
the tephigram for the 8th of May a t  S:57 a. m. (fig. 12) 
with the sudden change from the stable lapse rate to the 
very steep one above 900 millibars rtccompnnied with 
increase of relative humidity, one could see the first 

. . , 
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FIGURE 9 -Aerogragh flight 111-25 Anacoatia, 1) C , August 2. 191S, 9 56 a. m. 

approach of the over running cold air. Even a t  the 
ground a kilograni of air would possess a certain amount 
of positive energy, as is shown by the full shaded 
area, while by considering n kilograni mass of air at  the 
890 millibars level, the positive area is tripled. From 
the tephigram alone one could expect thunderstorms 
and other disturbances following the passage of a cold 
front. The thunder was heard at  11 a. m. iiiclicating the 
approach of a squall line. Thunderstorms occurred in 
the afternoon of May 8, and also the morning of the 9th. 

I 
I 

I 

FIGURE l2.-Drexel, hfay 8, 1919, 6:57 a. m. On this diagram energy areas are given 
with respect t o  a kilogram of air from tho sclrface layer and with respect t.0 8 klloaam 
of air originating at Q 

* * * * * 
The graphs for Dresel on June 11 (figs. 13 and 14) are 

good examples of the appearance of t,ephigrrtms when cold 
air is brought in a t  higher nltitdes. The graph for 6 : 21 
a. ni. shows great stability from the ground to 900 
millibars. From 900 to SO0 ndlibars the lapse rate has 
become steeper than that for saturated air, but the water 
vapor content has not increased to any great extent, and 
the relative humidity is still quite low. At 800 millibars, 
however, t,he air becomes very unstable, the lapse rate 
cha,nge.s abrupt.ly to the superadiabatic, and the relative 
humidity increases rapidly. This implies a different air 
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mass in this upper region, which is borne out by an inspe,c- 
tion of the synoptic maps for this period. A cold front, 
is approaching and this is an indication of overriinning 
cold air. 

The graph for noon of that day shows a small positive 
area above 600 millibars. This area itself would not 
indicate any great disturbance, but here we must rely on 
our previous knowledge of weat,her sequence following 

FIGURE 13.-Tephigram, Drexel, Nebr., June 11. 1918, 6:?l a. m 

such weather conditions. 
predicted as well as cold front rains. 
squall line was observed approaching. 

Thunderstorms could be safely 
At 6 : 23 p. m. the 

* * * * * 
The series beginning with April 1, 1918, 8 : 03 a. in. a t  

Drexel (figs. 15 and 16), depicts t,he bringing in of cold air 
between the 1st and 2d of April. Graph 15 shows great 

600 mb 500 mb, 

FIGURE 14.-Tephigram. Drerel, Nehr., June 11, 1913. noon 

stability in a homogeneous air mass. On April 2 at 
noon (fig. 16), although there is a positive area a t  the 
ground, the real significant point is t,he superadiabatic 
lapse rate at  820 millibars. The curve of dew points 
follows in general the t,ephigram until 820 ndlibars, 
where the relative humidity begins to increase with 
altitude. From such a tephigram one could expect the 
weather which would occur with the approach and 
passage of a cold front. Rain, turning to sleet, and thun- 
der followed shortly after this graph was taken. * * * * * 

At Ellendale on May 30, 1918, the tephigram for 9 
p. m. (fig. 26) showed stability from the surface to 700 
millibars. At that point there is an abrupt increase in 
humidity and the lapse rate becomes superadiabatic. 
This, as has been shown, would indicate a new air mass 

.;‘g , p9 
700.mb. I I 

FIGURE 15.-TephigTsrn, Drexel, Nehr., April 1. 1918, 6:03 a. m. 

being brought in aloft. Although no t,hunderstorms 
occurred in the vicinity of Ellendale, lightning was 
observed in a distance. 

The nest morning, however, t.here is a remarkable 
c,hange in the structure of the at,mosphere. As the 
synoptic maps show, a southerly current has been 
brought in and as the tephigram shows (fig. 37), this 

”9 
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FIGURE 16.-Tephigram, Drerel, Nebr.. April 2, 1915, 1159 3. m. 

mass extends from the surface to high levels. The great 
instability shown on this graph, May 31, 1915, is caused 
by convectmion, and the t,hunderstorm which could easily 
be forecast, occurred a t  5 : 30 p. ni. 

This series is an example of convection coupled with 
the instability of a new air mass brought in giving rise to 
thunders lornis. 

* * * * * 
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The tephigrams heretofore considered have been the 

frontal type, wit,h one example of a transition type in 
which convect,ion has played an important part. The 
remainder of the discussion will concern a few cases 
which show the instabilit,y caused solely by convect,ion. 
The first one here discussed, that of Dresel (fig. 34), 
on August 16 a t  S :  35 a. in., is an excellent example. 
The tephigram shows a moderate amount of posit,ive area 
at the surface extending up to 900 millibars. From 900 
to 750 the air is stable and an area of negative energy 
exists. Above this there is positive energy. I t  is 
reasonable to assume on the basis of experience that, a 
thunclerstorni will occur duiing t,he afternoon. A t  2 : 1.5 
p. m. a tephigram shows that the negabiT-e area has been 
wiped out completely, so now we can expect a thunder- 
st.orm in the very near future. At 2 : 30 p. in. one was 
forming to t,he northwest. Since in forecast,ing at, least, 
a 6-hour forecast should be macle, t,he tephigrnm of 
2 : 15 p. in. (fig. 35) would not be of milch use. Howerer, 
in this case from Figure 34 there is hardly a.ny doubt., as 
said above, but that a thunde,rstorm mould occur in t,he 
af t,ernoon. * * * * * 

I 
I 
I 
I 

I 

FrauRE 26.-Tcphigram, Ellendale. N. Dak.. May 30, 191s. 9 p. m. 

A t  Ellendale on June 6, 1918, a t  S:13 a. m., a tephigrani 
(fig. 39) shows instabilit,y in t.he lower levels with a 
marked temperature inversion below 900 millibars. The 
positive area near t,he surface a.ppesrs to be a little above 
normal for the time of clay, but a.bove this there is only 
ne.gative area extending up to about 540 niillibim showing 
a stable strat,ificittion a t  high levels. The weather re- 
mained clear all of that day and night. The, followkg 
clay shortly after noon a tephigram (fig. 40) has 1-ery mucli 
the same cliaracterist,ics near the surface. with :in inwr- 
sion just above 900 millibars. Above the inversion t81iere, 
is a small amount of positive area showing that conditions 
are more favorable for some form of weather disturbanc.e. 
Bt 5 p. in. the same afternoon, the,re was thunder and 
lightning to the south of the station, and t,lie, nest day 
there was a thunderstorm nt tlie station itsself. 

* * * .k * 
On August 20, 191S, a t  1:05 p. 111. a t  Dresel, a tephi- 

gram shows a normal mode,rate amount of positive areti. 
in lowe,r levels wit,li instability due to surface heatsing. 
From 850 to 750 millibnrs the, air became stable, giving n 
negative area for this region. Above is posit7ive energy 
exte,nding to tlie top of the curve. Conditions appear to 
be favorable for thunderstorms sometime late,r in the 
afternoon or night. A tephigram (fig. 46), plotted from 
data taken the nest morning, shows positive area a t  the 
surface and a t  high levels, with negative area in het,we.en, 

and a marked inversion from 920 to 880 millibars. At 
3:55 p. m. that afternoon a tephigram (fig. 17) shows 
that the inversion has been wiped out through increased 
surface convection and the negative area greatly reduced. 
From this we can assume that conditions are favorable 
for a thunderstorm in a few hour.;. About 6 p. m. one 
occurred 8 miles away. / 

IV. CONCLUSIONS 

The conclusion which we have drawn from the present 
study of tephigrams is that they are valuable aids in 
making short-range forecasts. There is hardly any doubt 
but that in most cases a convection thunclerstorm can be 
foretold a t  least six hours in advance from the graph of 
an upper air sounding made in the morning, and there is 
hardly any need to dwell on the importance of this for 
local forecasting. One can readily understand its value 
to :in aviation landing field. In  the suiiiiner time thunder- 
storms occur without :my regulaiity, and the morning of 
a day on which a thunderstorm occurs looks much the 
same as one which remains fair. Further, it is believed 
that the approach of line squalls or frontal disturbances 
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FIGURE 27.-Tephigrnm, Ellendale, N. Dak.. hfay 31. 191s. 1l:OS a. m. 

can he foretold with a great deal of itccuriicy, especially 
when the tephigrams are used in conjunction with the 
daily synoptic mnps. This latter information, to be sure, 
is of the greatest importance to aviation, and with careful 
nnalysis of successive tephigrams it is believed that 
positive information can be obtained. 

It is believed that to anyone familiar with the use of 
tephigrains, they soon become indispensable for local fore- 
casting, especinlly where an upper air sounding and local 
weather observations constitute the total amount of data 
nvaildble; that is, the tephigrani fills tlie gap in informa- 
tion for an isolated observer, one who is out of communi- 
cation with the world a t  large for an indefinite period of 
time. 

Certain rules seem to be brought out by the present 
study of tephigrams. They will be briefly stated below. 

(1) It is easily seen that a small error in the relative 
huniidity will nialte a large error in the amount of energy 
available (positive energy). This would indicate that 
tlie hygrograph used must be reliable and carefully 
calibrated. 

For 
instance, it is not safe to extrapolate a tephigram. If the 
sounding has not reached a sufficient altitude, it is of 
little or no value. An altitude of 15,000 feet or above 
700 millibars of pressure at  least ought to be obtained, 
and this would seem to make the use of airplane ascents 

(2) The other rules apply to  the tephigram itself. 
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imperative. The present study convinced the authors 
that kite ascents are of little value since a suf6cient alti- 
tude is very seldom reached. 

(3) The best time t.o make .a flight or sounding is 8 : 30 
a. m. or later (local mean tlme). This conclusion was 
reached after a comparison of the tephigrams. Before 
8:30 a. m. the tephigrams do not have any individual 
characteristics; all are a great deal alike. In  other words, 

\ 

FIGURE 34.-Tephigram, Drexel, Nebr., August le, 1918, 8:52 8.111. 

it is better to wait until a little later, when the ackion of 
local heating may be observed. This suggestion is 
merely tentative, however, and the observer a t  each 
station would have to learn from experience the best 
time to make the first and succeeding flights. 

(4) As to the size and importance of the energy areas, 
this may be said: The actual numerical measure of an 
area on one tephigram can not be compared with the area 
on another tephigram, as to the relative intensity of dis- 
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FIGURE 35.-Tephigram, Drexel, Nebr., August 16, 1918, 2 2 5  p. m. 

turbanc,es produced unless the tephigrams are in succes- 
sion. A comparison of consecutive areas gives a better 
result. 

For example, when a negative area is being reduced on 
succeeding graphs it is of as great importance a,s when a 
positive area increases. Also the relative size of positive 
and negative areas on the same t - 4  diagram is very im- 
portant. A small positive area a t  the surface, below a 
large negative area, indicates stability. The reason for 

this is that the small &mount of instability in the surface 
layers is due only to the surface heating and extends only 
through the first few hundred meters. The large nega- 
tive area is an indication of the great stnbility of the 
higher layers of the atmosphere, and for weather dis- 
turbances to be produced the effect of local heating (con- 
vection) would have to destroy the stability of the upper 
layers; that is, wipe out the negative area. On the other 
hand, when a Iwge positive area is near the surjace and a 
small negative nrea separates it from a still higher posi- 
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FIGURE 39.-Tephigram, Ellendale, N Dak , June 8 ,  1918, 8 12 8.  m. 

t8ive area, the atmosphere is in a potentially unstable 
condition. In  this case the convection started in the 
surface layers would soon produce a strong uninterrupted 
verticnl stream of air. The greater the moisture and 
heat content of this current the greater will be the ensuing 
disturbance and the quicker the negative area on the 
diagram will disappear or change to a positive area. As 
to the question whether a nsrrow belt of positive energy 
extending to a greater height is of more importance than 
a wide belt of positive energy in the lower layers of at 
least as great numerical magnitude, nothing really definite 
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FIGURE 4O.-Tephigram, Ellendale, N. Dsk., June i ,  1918, 1213 p. 111. 

has been proved. Froin the fern cornptxrisoiis which can 
be made from the present study, it would appear that the 
narrow belt indicetes more a frmtal disturbance, wibh n 
greater release of energy, while the lower wide,r belt, of 
ene,rgy is of the convect.ive t,ype. In  the discussion under 
the heading of ‘‘front,al t>ype of t,ephigrams,” the im- 
portant characteristics of this type have been brought 
out. It is important to notice that on a frontal type of 
tephigram an invasion of a ne.w air mass is indic.ated more 
by the change of the t’ernperature lapse rate and humidity 
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than by the appearance of positive ene.rgy areas. The 
graph strikingly portrays t,his by the change of the slope 
of the tephigram and depegram. However, if wit,h the 
approach of a new air mass no positive energy appears, i t  
seems to indicate that there will be no viole,nt, thunder- 
storms in the neighborhood of the stat>ion itself. 

(5) In  some cases we have indicated positive and nega- 
tive areas with reference to a unit mass of air taken at  

FIGURE 46.-Tephigram, Drexel, Nehr., August 21, 1W8, H:49 a m. 

some other altitude than a t  t,he surface. In some cases, 
where there has been no positive area shown with refer- 
ence to the surface, there is a positive area with reference 
to a higher point. Sometimes the positive nrea in- 
creases, sometimes decreases. I n  general, it may be 
stated that in the case of the approach and passage of a 
different air mass (frontal disturbance) the positive area 
increases, or the negative decreases, on succeeding graphs, 
while a t  the same time on any one graph the positive 

area seems to increase as the reference level of energy 
available is shifted upward. While it is true also of the 
convection t,ype that succeeding graphs will show a 
gradual increase of positive area, the positive area on a 
single graph appears to decrease as the starting or refer- 
ence point is moved upward. Theoretically, the total 
energy present in a certain layer could be found by 
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FIGURE 47.-Teyhigram, Drexel, Nehr., August 21, 1918, 355  p. m. 

adding the energy at  each level, that is a more or less 
graphical integrat.ion of the positive and negative areas. 

Much can be writben and said on the subject of t'ephi- 
grttms. Bctually little practical use has been made, at 
least in America, up to  the present time. This paper 
falls far short of any real comprehensive study of the 
subject, but it is hoped t,hat enough has been shown to 
indicate the practical value of tephigrams as an aid in 
forecasting. 

c5/- $8' (794) SOURCES OF LOCAL WATER SUPPLY 
By A .  SONDERLEGGER, consulting engineer, Los Angeles, Calif. 

It is a matter of general comment among the popula- 
tion of southern California that of late years we have 
passed through a period of drought. We have hac1 one 
dry year after another; in fact, since the great floods of 
1914 and 1916, we hare hiid only three years of abnormal 
rainfall, while the other 10 years have been dry. Yet, we 
keep on pumping cheerfully from seemingly unliinited 
underground sources and nobody appears to worry very 
much except the superintendent of the water works. 

The assertion is sometimes advanced that there are 
mysterious underground streams, or rivers, which convey 
water from the Mojave Desert to the Coastal Plain, or 
from as far distant sources as the Colorado River. There 
are no indications, or facts, in support of any such con- 
tentions. The niountain ranges which separate us from 
the desert are plutonic in origin. They are many miles 
in thickness and there are no passages or cavities to perniit 
either a flow or a percolation of water across them. 

Rainfall.-The water supply of nny region in southern 
California depends entirely upon the rain falling on its 
contributory watershed and a study of rainfall phenomena 
will, therefore, disclose the basic factors affecting our 
water supply. 

Rainstorms.-The major storms which drift from the 
Pacific Ocean over southern and central California are 
the result of areas of low barometer, usually moving from 
northwest to southeast. These storms are the most fre- 

1 A collection of papers presented before the schnol of citizenship and public adminis- 
tration, University of Souther9 California, June 17-?1, 19%. 

quent bearers of our rainfall. They are general over the 
whole region and, as a rule, of fairly uniform relative in- 
tensity. The records of seasonal precipitation of any 
station thus are an indes for a broad area. 

Efect  of altitude on rainjaZl.-The moisture-laden storm 
winds strike the const from the southeast, south, and 
southwest. On encountering the mountains along the 
coast and in the interior they are forced to rise to higher 
altitudes, where they are cooled and precipitate a larger 
portion of their moisture. Thus with increasing alti- 
tude we find correspondingly larger precipitation up to 
about 6,000 feet, above which there is a slight decrease. 
This process of absorption of moisture is so effective that 
after passing the succession of ranges which parallel the 
coast there is little moisture left beyond the High Sierras, 
and the country to the east thereof is naturally barren. 
This phenomenon is illustrated on Plate 1, which repre- 
sents a profde transverse to the major axis of the State, 
from the coast of San Luis Obispo easterly across the 
Santa Lucia Range to the San Joaquin Valley and thence 
over the High Sierras to Owens Valley and Death Valley. 
This is also illustrated on the same plate by a profile from 
the const a t  Long Beach across the southern Coastal 
Plain and San Gabriel Valley, passing Mount Wilson of 
the Sierra Madre Range and on down to Palmdale in the 
Mojave Desert. 

Rainfall cycles.-The rainfall of southern California is 
characterized by extreme irregularity nat only from day 
to day or month to month of a rainy season, but also 


